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An elecrtrochromic display with analogue gray scale 

EPO - DG 1 
15. 08. 2002 

® 

BACKGROUND OF THE INVENTION 
Field of the Mvqition 

The present patent application relates to the field of electrochiomic display 
devices, and particularly to a method and apparatus for providing gray scales to such display 
devices. More specifically, the present patent application relates to an efficient system for 
providing analogue gray scales to electrochromic display devices. The present patent 
application also relates to a computer program product comprising software code portions for 
achieving the system and method for providing analogue gray scales to electrochromic 
display appliances when said product is run on a computer. 



Descri ption of the Related Art 

Recently electrochromic display devices have heen studied as candidates for 
electronic p^er type of displays. However, the slow switching speed and high power 
consumption of the today commercially available electrochromic display technologies do not 
1 5 meet the needs of the display market. Lately the trend has been towards the use of nano- 
materials, such as chemically modified nano-structured mesophorous films, for improving 
performance. Use of such materials has shown promising results. However, one of the 
remaining key issues with respect to electrochromic displays is the generation of gray scales. 

One prior art approach to providmg gray scales has been to sub-divide each 
20 display element (pixel) into a plurality of sub-elements using a pluraUty of sub electrodes on 
one substrate, e.g. providing fifteen electrodes, splitting each display element into fifteen sub- 
elements, enabling sixteen gray scale levels to be achieved by successive switching operation 
of each of the sub-elements for producing 15 gray scale levels and all sub-elements in their 
"ofiF* condition providing the sixteenth level. 
25 Yet another prior art approach for providing a gray scale suggest the use of 

circular display cells (pixels) having a curved, for example concave, exterior wall of each 
display cell as well as a plane base wall. Through providing the curved wall with an 
electrode and the plane base wall with a connter-electrode there will be locations with 
different electrode spacing. The chcular shape of the electrodes results in a concentric radial 
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voltage applied. AsystemoftMstypeisdisolosedinW091 15800. 

<5UMMARY OF THE INVENTION 

Mcording.y.itU«.ob3ectofthep«sent»ventiontoprov.dean^roved 

apparatus for providing gray scales to an eleotroctomlc display appliance. 

nusobjeotisachievedbytheapparatusaccordingtothemventronas 

specified m clann^^ ^^^^^^ ^^^^ ^^^^ ^ ^ ^ ^^^^ 

oroviding gray scales to an electrootaomic display appliance. 

providn^gr ^'^^^^.^^^^^^^.^a^.^.^iod according to the inverrtron as specified 
" Furth« advantageous embodiments ofthe invention are specified in to 

'^'"'""'"Tetanotorobjectoftbeinventionistoprovideanimprovedcomputer 

p^gramprodnctcomprisingsoftwarccodeportions for achieving the apparatus and^ 
^^Lggrayscales.o»elec.rochromicdisplayappU^whensatdprod,.ttsranon 

^computer. ^^^^^^^^^ of the present invention will become apparent 
ftom flic following de.aileddescriptionconsideredinconjunctionwith.he accompanying 

unders.ood,howev..tot.hedrawingsared^gnedso 
rfIXtionandnotasadefinitionofthelimi.softbeinvenBon.forwhichreferenceshonld 

b madetotheappendedclaims. It *o„ld be fiirflier understood that the drawmgsa.^^ 
„r.saraydrawntoscaleand.ha,unl=sso.herwiseinaica.ed,theyareme^lyn,tendedto 

25 conceptnaUyinustratethestructuresandproceduresdescnbedh^em. 

BRIEF DESCRIPTION OF THE DRAWINGS 

to flie drawings, wb^ein like reference characters denote smnlar elements 

throughout ttie several views: r , A-„,i.vKevice 

Kg idisclosesaschematiccrosssectionviewofapixelofadisplaydevice 

^^^^ afirst embodim«ao£the invention with electric field lines shown; 

' Srdisc.osesaschematiccrosssectionviewof.hepixeloffigurelwi.hme 

entire electrochromic layer in a dark state; 
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Fig. 3 discloses a schematic cross section of the pixel of figure 1 with a 
oentMlly located part of the electrochroimc layer in a transparent (bright) state; 

Fig. 4 discloses a schematic cross section of tiie pixel of figore 1 wifli a large 
portion of the electrochromic layer in a dark state; 
5 Fig. 5 discloses a schematic cross section of the pixel of figure 1 with 

approximately half of the electrochromic layer in a dark state; 

Fig. 6 discloses a schematic cross section of the pixel of figure 1 witii a smaU 
oortion of the eleottochromic layer m a dark state; and 

Fig. 7 discloses a schematic cross section of Uie pixel of figure 1 wiflilhe 
10 electrochromiclayerwhollymatran5parait(bri8>it)5tate. 

DE^AILEDDESCK]P^ONOFTHBPRESE^m,YPREFBRREDHMBODIMEN^S 

Fig 1 showsaschematie cross section view of apixel 1 of an electrochromic 
display according toafirst embodiment Eachpixelofti« electrochromic displayis 

Mependently addressable and can be separated ftom each other either electrically or 
physicaUy, in order to avoid cross-tat between pixels. The pixel 1 comprises: a first 
substrate 6. which preferably is transparent and made out of a material such as a glass or 
plastic plate; a second substrate 7. which m some ca«s. such as te a back Ut display, also 
can be transparent; an electrochromic material 2 disposed between said first substrate 6 and 
second substrate 7; a, least two independent conductive electtodes 3. 4 associated wtth 
said first substrate 6. which electrodes 3. 4 preferably are ti:ansparent; an independent 
conductive counter-electrode 5 associated witi. said second substrate 7. The pncel 1 also 

a transparent electrolytic material in contort with said electrochromic matertal 2 
and said counter-electrode 5. Each respective electrode 3, 4, 5 is connected to an 
tadependentty controllable voltage source (not shown). THe display device comprises means 
(not shown) for controlling tte voltage appUed to each respective electrode 3, 4. 5, such as an 
electronic display controldevicewhichcancompriseamicro-processor.tottnsway.usmg 

fl« display control device, non-uni&m. electric fields can be produced in each pixel, e.g. as 

aiustrated m figure 1 where electric field Unes are shown tor a case where a voltage of 

approximately 2V is appUed to the electrode 3. whilst OV is appUed to electrode 4 and 

counter-electrode 5. These non-unifbm, electric fields will cause partial switchmg of the 

eleetrochromic material 2 ftom a first (proftrably transparent) state to a second state 
(illustrated by the darker region of the electrochromic material 2). Due to the non..m*rm 

field distribution, the charge flow wiU initiaUy be concentrated to a region close to tiie 
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positively charged electrode 3. As a consequence, this region wiU switch first, and the pixel 
1 will be generated with part of its electrochiomic material 2 in the dark state and part m the 
transparent (bright) state. In this manner an area ratio gray level can be generated in the pixel 
1. The gray level generated m this way will be defined by the integral amount of charge 
passing into the electrochromic material 2 and hence by the time in which the electrodes 3, 4, 
5 of the pixel 1 are connected to their respective voltage sources. The time required to switch 
toadesiredstateforthepreferredtypeofdisplayislessthanl second. Erasure, i.e. reset, 
can easily be achieved through making a change of polarities. Such a reset can be used to 
define a reference state from which all possible gray levels can be generated. If no reset is 
used, it will be necessary to remember the previous state of the pixel before supplying the 
correct amount of charge (or discharge) to reach a new gray level. In such a case the 
electronic display control device will comprise memory storage means (not shown), where 
the previous gray level generated is stored and the new gray level to be achieved is compared 
with the previous gray level and the reqmred charge (discharge) to be appUed in order to 
reach the desired gray level is determined. 

Fig. 2 illustrates the pixel 1 when OV is applied to the electrodes 3 and 4, 
whilst a negative potential is ^plied to the counter-electrode 5 . In this case the pbcel 1 wiU 
be generated with all of its electrochiomic material 2 in the dark state. 

Fig. 3 iUustrates tiie pixel 1 when moderate positive potentials are applied for 
a given period of tune to the electrodes 3 and 4, whilst OV is appUed to tiie counter-electrode 
5 . hi this case the pixel 1 will be geherated with the regions of its electrochromic material 2 
close to the positively charged electrodes 3 and 4 in the dark state and the part of its 
electrochromic material 2 located centrally between these electrodes 3, 4 in the transparent 
(bright) state. 

Fig. 4 illustrates the pixel 1 when a slightly higher positive potential, in 
comparison to that of figure 3, is appUed for the same period of time to the electrode 3 whilst 
OV is applied to the electrode 4, and OV is appUed to the counter-electrode 5. In this case the 
pixel 1 wiU be generated with a sUghtly larger part of its electrochromic material 2 closest to 
the positively charged electrode 3 in the dark state and the part of its electx)chromic material 
2 located closest to the OV electrode 4 m the transparent (bright) state. 

Fig. 5 illusteates the pixel 1 when a positive potential ranging between that of 
figure 3 and figure 4, is appUed to the electrode 3 whilst OV is applied to tiie electrode 4, and 
OV is appUed to tiie counter-electrode 5 . In this case tiie pixel 1 will be generated witii 
approximately half of its electiochromic material 2 closest to tiie positively charged electrode 
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3 in the dark state and the half of its electrochromic material 2 located closest to the OV 
electrode 4 in the transparent (bright) state. 

Fig. 6 illustrates the pixel 1 when a moderate positive potential, as that of 

figure 2, is apphed to the electrode 3 whilst OV is applied to the electrode 4, and OV is 
appHed to the counter-electrodes. In this case thepixellwiUbe generated wilhas 

ofitselectrochromicmaterial2closest to the positively charged electrodeSin the dark s^^^ 
and the rest of its electrochromic material 2 located closest to the OV electrode 4 m the 
transparent (bright) state. The state illustrated in figure 6 essentially corresponds to the state 

illustrated in figure 1. 

Fig 7 illustrates Ihepixel 1 when OV is appUed to the electrodes 3 and 4, and a 

positive potential is appUed to the counter^lectrodeS. In this case the pixel 1 wiUbe 
generated with all of its electrochromic material 2 in tt« transparent (bright) state. 

As is evident ftom figures 1 flmmgh 7. theuse of several independenfly 
controUableelectrodesinapixell ofadisplayinaccordancev«mtheinvention,faciUtates 

thepossibiUtyofachievinggenerationofananalog^egraylevelinthepixen through 
controlling the potentials appUed to the respective electrodes 3. 4. 5 and the tune of 
appUcation for causing switching of an appropriate part of the electrochromic material 2. 

When using an electronic display control device which comprises amicro- 

processor, a computer program product comprismg software code portions can be used for 
controlling the potentials appUed in accordance with the invention fi» providing gray scales 
to the electrochromic display appUance when said computer program product rs run on the 

nrioro-prooessor of the control device. 

A method for generating analogue gray scales in a pixel 1 of a display device 
having a first substrate 6; a second substrate 7; an electrochromic material 2 disposed 
between said first substrate 6 and said second substrate 7. comprises the followmg steps; 
providing for at least two independent electrodes 3. 4 to be associated with said first substrate 
6- providing for an independent comtter-electrode 5 to be associated with said second 
s^strate7;providingforcomrectionof eachrespective electrode 3, 4. 5 to an independenfly 
controUable voltage source; providing means for controlling the voltage appUed to each 
respective electrode 3. 4, 5 fi^ producing non-uniform electric fields in each pixel 1. for 
causingpartial switching oftheelectrochromicmaterial2ftomafirst state toasecondstate 

for generating an area ratio gray level, the method also aUow fbr the step of provtdmg 
nieans for controlUngthe time during which voltage is appUed to eachrespective electrode 3. 

4 5 iuorderto&ciUtaleswit<*ingbetweengcaylevelsthemethodalsosaggeststhestq,s 
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of: providing memory storage means for storing a previously generated gray level; providing 
means for comparing a gray level to be achieved with a previously generated gray level; 
providing means for determining fee required potential to be applied to each respective 
electrode in order to reach a desired gray level. 

Thus, while there have been shown and described and pointed out fundamental 
novel features of the invention as appUed to a preferred embodiment thereof it will be 
understood that various omissions and substitutions and changes in the form and details of 
the devices illustrated, and in then: operation, may be made by those skilled m the art without 
departing from the spirit of the invention. For example, it is expressly intended that all 
combinations of those elements and/or method steps which perform substantially the same 
function in substantially the same way to achieve the same results are within the scope of the 
invention. Moreover, it should be recognized that structures and/or elements and/or method 
steps shown and/or described in connection with any disclosed form or embodiment of the 
invention may be incorporated in any other disclosed or described or suggested form or 
embodiment as a general matter of design choice. It is the intention, therefore, to be limited 
only as indicated by the scope of the claims appended hereto. 
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1 A display device con^-rising a pluraUty of independently addressable pixels, 

wherein saidpixelse<™prise:afirstmbstrate;asecondsubs..ate: an electtochronu^ 

disposed between said first substrate and said second substrate; at least two independent 
electrodes associated with said first substrste; sn independent counter-electrode associated 
5 withsaidsecondsubstratejwhereineachrespectiveeleclrodeisconnectedtoan 

independently controUable voltage source; said display device having means for controUnrg 
the voltage appUedto eachrespective electrode for producing non-umform electnc fieldsm 
each pixel, for causing partial switching of the eleCrochronnc material ftom a first state to a 
second state for generating an area ratio defined pixel gray level. 

2 Thedisplaydeviceofclaiml.whcreinsaiddisplaydevicefcrtherhasmeans 
forcontrollingthetimcduringwhichvoltageis appUedto each respective electrode. 

3 The display device of claim I, wherein said display device further has means 
1 5 fbr controlling the voltage applied to each respective decide of the pixel when in the 

second state for causing a reset flxmi the second state to the first state. 

4. The display device of claim 1. vAerein said display device further has memory 

storage means fia storing a previously generated gray level 
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5 ne display device of claim 4, wherein said display device finfl«r has means 
for comparing a gray level to be achieved with apreviously generated gray level. 

6 The display device of claim 5, wherein said dig>lay device finfter has means 
for determining the required potential to be applied to each respective electrode in order to 
reach a desired gray level. 
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rj A method for generating analogue gray scales in a pixel of a display device 

having a first substrate; a second substrate; an electrochromic material disposed between said 
first substrate and said second substrate, comprising the stq[>s of: 

providing for at least two independent electrodes to be associated with said 

first substrate; 

providing for an independent counter-electrode to be associated with said 
second substrate; 

providing for connection of each respective electrode to an independently 

controllable voltage source; 

providing means for controlling the voltage applied to each respective 
electrode for producing non-uniform electric fields in each pixel, for causing partial 
switching of the electrochromic material from a first state to a second state for generating an 
area ratio gray level. 

8. The method of claim 7, finther comprising the step of: 

providing means for controlling the time during which voltage is applied to 
each respective electrode. 

9. The method of claim 7, further comprising the steps of: 

providing memory storage means for storing a previously generated gray 

level; 

providing means for comparing a gray level to be achieved with a previously 

generated gray level; 

providing means for determining the required potential to be applied to each 

respective electrode in order to reach a desired gray level. 

10. A computer program product directiy loadable into the internal memory of a 
digital computer comprising software code portions for performmg the following steps when 
said product is run on a computer: 

providing to at least two independent electrodes of an independently 
addressable pixel of an electrochromic display device a connection to an independentiy 
controllable voltage source; 

providing control of the voltage applied to each respective electrode for 
producing non-uniform electric fields in each pixel; 
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providing control of the time during which voltage is appHed to each 
respective electrode. 

1 1 A computer program product stored on a computet readable storage medfan, 

comprising computer readable program code means &r causing a computer to perform the 
following steps: 

providing to at least two independent electrodes of an independently 
addressablepixel ofanelectrochronnc display deviceaconnection to aninde^^^^^^ 

controllable voltage source; , ^ ^ ^ 

providing control of the voltage appUed to each respective electrode for 

producing non-uniform electric fields in each pixel; 

providing control ofthe time during which voltage is appHed to each 

respective electrode. 
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A display device oon^sing a plmaUty of independently addressable pixels 
(1). Eachpixdoomprise:afi«tsul«.rate(6);asecondsubstrate(7);anelectroc^^^^ 
n^terial (2) disposed between said tot subst««e (6) and said second substrate (7). A. les^t 
two independent electrodes (3. 4) are associated with said first substrate (6). An .ndep^dent 
counter-electrode (5) is associated with said second substrate (7). Each respective electrode 
is connected to anindependentlycontroUable voltage source. The display devx^hasm^ 

for controllingthe voltage appUed to each respective e,ectrode(3, 4. 5) forp«.lu^non. 
u^iformelectricfieldsineachpixeUa&rcausingpartialswitchingofthe^ecto^^ 
material (2) ftomafirst state toasecondstate for g^xeratinganareatafo defined p«el gray 

level. 



(Fig. 1) 
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